mRNA is predicted to produce loopless hairpin RNA molecules specifically targeting Dscam mRNA for degradation (S4) . Conventional P-element mediated germline transformation was used to generate a series of transgenic lines. We used four independent transgenic lines termed, UAS-Line1, UAS-Line2, UAS-Line3, each of which contains a single transgene insertion, and UAS-Line3;4, a transgenic line that contains two transgene insertions. We used UAS-dsLacZ flies (S5) to control for the effects of expressing dsRNA in immune cells. Fly lines UAS-dsDscam or UAS-dsLacZ constructs were crossed to Hml-GAL4, UAS-GFP flies to knock-down Dscam or LacZ protein expression in hemocytes. The expression levels of these UAS-dsDscam and UASdsLacZ transgenic larvae were verified by Western blot analysis (Fig. 2) . The ppl-GAL4 line expressing Gal4 in larval fat body (S6, S7) was crossed to three independent transgenic Dscam RNAi fly lines UAS-Line2, UAS-Line3 and UAS-line2;3. Larval fat bodies from the offspring were isolated by dissection and used for in situ-hybridizations (Fig.S1 ).
In situ hybridization
The expression of Dscam mRNA was detected by non-radioactive in situ hybridization (Fig. S1 ). DNA templates for RNA synthesis were derived from a single cloned isoform, Dscam cDNA 4. 1, 6.30, 9. 30, 17.2 . RNA probes were produced by in vitro transcription using the T7 or T3 polymerase (Stratagene, La Jolla, CA) and digoxigenin (DIG) RNA labeling mixture (Roche Applied Science, Indianapolis, IN). The products were then fragmented by alkaline hydrolysis for 40 min at 65 o C.
Fat bodies and brains were dissected from 3 rd instar larvae using 2 independent Dscam
RNAi lines (UAS-Line3, UAS-Line2;3) or a heterozygous control (UAS-Line2/ In2LR) and control flies (yw). Tissues were dissected in cold phosphate buffered solution (PBS), fixed for 20 min. at room temperature (RT) in 10% paraformaldehyde (PFA), 50mM
EGTA in PBS and washed three times with 0.1% Tween20 in PBS (PBT) for 5 min. each. The samples were then treated with 2µg/ml proteinase K (Roche Applied Science)
in PBT for 4 min at RT and post-fixed for 20 min in 5% paraformaldehyde in PBT. Prehybridization was carried out using 5x SSC with 50% formamide (Hybe-B) for 1 hr at 62.5 o C, after which hybridization was performed overnight using 0.15µg/ml DIG-labeled anti-sense RNA probes at 62.5 o C in Hybe-B supplemented with 0.2mg/ml sonicated salmon sperm DNA (Stratagene) and 0.1mg/ml tRNA (Sigma-Aldrich, St. Louis, MO).
Sense probes were used as negative controls. The samples were then washed twice for 15 min each at 62.5 o C in pre-warmed Hybe-B, incubated with an anti-DIG antibody coupled with alkaline phosphatase (1:2,000 in PBT, Roche Applied Science) for 1 hr at RT and washed in PBT thrice for 10 min each. Detection was carried out using nitro-bluetetrazolium salt and 5-bromo-4-chloro-3-indolyl phosphate (BCIP/NBT alkaline phosphatase substrate kit, (Vector laboratories, Burlingame, CA) until the signal was clearly visible, usually within ~60-90 min. Lastly, the samples were post-fixed in 4% paraformaldehyde in PBT, washed with PBT and mounted on glass slides using Vectashield with DAPI (Vector Laboratories). In situ hybridization clearly show Dscam depletion in fat bodies of these transgenic larvae (Fig. S1 ).
RT-PCR analysis
Total RNA was isolated from fat bodies, brains and hemocytes of 3 rd instar larvae using TRIzol (Invitrogen, Carlsbad, CA). RT-PCR was performed on 0.5 µg of the isolated RNA using the Titan one tube RT-PCR system (Roche Applied Science). As a primer set, 5'-GGA ACC CAC CAA CCG CAT TGA CTT-3' (in exon3), 5'-CCG CCG ATT CCT GGT CGT TTC TTA C-3' (in exon 7) were used. The 1.1 kb products were cloned into pCR4-TOPO vector (TOPO TA cloning kit; Invitrogen). Approximately 50 clones for each organ were isolated and sequenced using M13 forward and M13 reverse primers.
Microarray analysis
Oligo design and printing: 50mer oligonucleotide probes were designed for all variable exons. Probes for the variable exons 4, 6 and 9 target the most diverse part of the sequences as determined by multiple sequence alignments. For each isoform of exon 4, two different probes were designed. Specificity of each probe was further confirmed by pair wise alignments with all variable exons. Exon 4 and exon 6 sequences are less than 75% identical to each other. Probes for exons 9.19, 9.20 and 9.22 share 76% identity while exons 9.25 and 9.26 share 85% identity. Only probes for exons 9.25 and 9.26 contain 17 continuous base pairs that are complementary to each other. With these prementioned exceptions no other sequences that share more than 15 continuous base pair matches were used. For optimal discrimination between specific und unspecific hybridization with 50mer probes, thresholds of 75% overall sequence identity and a length of 15 continuous base pair matches have been reported previously (S8) . Probes for the Dscam constant exons 5, 7, 10 and 11 were included as positive controls and probes for rat Nogo-A and Pichia HIS4 were included as negative controls. A detailed list of probe sequences is available upon request. Specificity of the array was confirmed by using samples from flies carrying a deletion in the Exon 4 cluster of Dscam (Fig. S2A ).
Oligonucleotide probes with a 5'-amino-C6-modifier were synthesized by Qiagen (Valencia, CA), resuspended at a concentration of 200 ng/µl in spotting buffer containing 50% DMSO and spotted in triplicate on UltraGAPS glass slides (Corning, Acton, MA) using a Genetix Qarray precision contact spotter at the Harvard Medical School
Biopolymers facility (Boston, MA). Spot size was maintained at 100 -120 µm in diameter.
Sample preparation: Total RNA was isolated from fat bodies, brains and hemocytes of 3rd instar larvae using TRIzol reagent (Invitrogen). RT-PCR was performed on 0.5 µg of the isolated RNA using Omniscript reverse transcriptase (Qiagen) and a gene specific RT-primer for exon11 (5'-TGA TCA TAA TCA CAG CCG AGA GG-3') in a total volume of 30 µl. Subsequently, 2 µl of the product was used for PCR with primers in exon3 (5'-GGA ACC CAC CAA CCG CAT TGA CTT-3') and in exon7 (5'-CCG CCG ATT CCT GGT CGT TTC TTA C-3') or with primers in exon8 (5'-CGA GGA TCT CTG GAA GTG CAA GTC-3') and in exon11 (5'-ATA GTA GCC CTC GTT GGT CTT TTG G-3'). PCR was performed in a total volume of 50 µl using PlatinumTaq Hifi polymerase (Invitrogen).
Products of at least 3 PCR reactions per sample were pooled and purified using the PCRpurification kit (Qiagen). PCR products were labeled by incorporation of Cy3-dCTP or Cy5-dCTP using the Bioprime labeling kit (Invitrogen). To control for potential dye incorporation biases, the Cy3 and Cy5 dye labels were interchanged for each of the independent RNA samples. were then washed in 2X SSC supplemented with 0.1% sarcosyl at 50° C for 5 min. and sequentially rinsed in 2X SSC followed by 2 rinses in 0.1X SSC each for 5 min. at RT.
Slides were then dried and scanned with a GenePix 4000B scanner (Axon Instruments, Union City, CA) using100% laser power.
Data analysis: Signal (probe) and local background fluorescence values for each spot were obtained from raw Cy3 (535 nm) and Cy5 (632 nm) images with the GenePix Pro 5.1 software using automatic feature detection and manual correction when necessary.
After visual inspection spots with scratches or obvious artifacts were excluded from further analysis.
Since the labeled hybridized sample DNA was obtained from separate PCR reactions (exon3-7 and exon8-11), spots for variable exons 4 and 6 and spots for variable exons 9
were analyzed separately. To analyze the microarray data, we first normalized all data from constant exon control spots to obtain a 535 nm / 632 nm ratio of 1 (Fig. 2) . We amplified Dscam sequences for subsequent dsRNA production by using the following primers:
For LacZ we used LacZ5': AATTAATACGACTCACTATAGGGAGACGAAAT CGGCAAAATCCC-3' and LacZ3': AATTAATACGACTCACTATAGGGAGATGG CGTAATAGCGAAGAGGC-3').
Amplified DNA fragments were purified and in vitro transcribed using the MEGAscript T7 kit (Ambion, Austen, TX) with the modifications outlined in (S10).
Antibodies
Polyclonal antibodies were produced against the following bacterially expressed Dscam 
Hemocyte purification
Ten 3 rd instar larvae were gently dissected and hemolymph was collected in 50 µl
Schneider medium per animal. Hemolymph samples from larvae were pooled as indicated, filtered through a fine mesh filter and collected in microfuge tubes.
Hemocytes were pelleted by centrifuging samples at 6000RPM for 8 minutes at 4 o C. The supernatant containing the hemolymph was transferred to a new tube. The pelleted hemocytes were resuspended in Ringer's solution (182mM KCl, 46mM NaCl, 3mM
CaCl 2 , 10mM Tris-Cl) and sorted using fluorescence-activated cell sorting (FACS;
Becton Dickinson, BioSciences, CA) based on cell size and GFP expression ( Fig. S3A) (S11). In addition to re-analysis of sorted hemocytes by FACS, a small sample of sorted hemocytes was analyzed separately by microscopy for verification of purity, yield (counting) and intact morphology (Fig S3B) .
Immunoprecipitation and Western analysis
For immunoprecipitations (IP), Dscam antibodies were added (1:50) to hemolymph in Schneider medium, or to hemocytes, fat bodies or brains in RIPA buffer (150mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% SDS, 50mM Tris pH8, 0.2mM NaVO, 10mM Naf , 0.4mM EDTA, 10% glycerol) and allowed to incubate for 12 hours at 4 o C. Fat body tissue has high lipid content and renders comparisons of protein expression solely based on SDS-PAGE difficult. We therefore immunoprecipitated Dscam from lysates using Sepharose A beads (Amersham Biosciences, Piscataway NJ) and washed samples extensively in RIPA, 1M LiCl, and 20mM Tris pH7.4 (Fig. 2E) . subjected to a modified in-gel trypsin digestion procedure (S12), washed and dehydrated with acetonitrile for 10 min., followed by removal of acetonitrile. Gel pieces were then completely dried in a speed-vac and re-hydrated using a 50 mM ammonium bicarbonate solution containing 12.5 ng/µl modified sequencing-grade trypsin (Promega, Madison, WI) at 4ºC. After 45 min., the excess trypsin solution was removed and replaced with 50 mM ammonium bicarbonate solution to just cover the gel pieces. Samples were then placed at 37ºC overnight. Peptides were extracted by removing the ammonium bicarbonate solution, followed by two 20 min washes using a solution of 50% acetonitrile and 5% formic acid. The extracts were then dried in a speed-vac (~1 hr) and stored at 4ºC until analysis.
Samples were reconstituted in 5 µl of high-pressure liquid chromatography (HPLC) solvent A (2.5% acetonitrile, 0.1% formic acid). A nano-scale reverse-phase HPLC capillary column was created by packing 5 µm C18 spherical silica beads into a fused silica capillary (75 µm inner diameter x 12 cm length) with a flame-drawn tip (S13).
After equilibrating the column, each sample was pressure-loaded off-line onto the column. The column was then reattached to the HPLC system. A gradient was formed and peptides were eluted with increasing concentrations of solvent B (97.5% acetonitrile,
0.1% formic acid).
Eluted peptides were subjected to electrospray ionization and then entered into an LTQ linear ion-trap mass spectrometer (ThermoFinnigan, San Jose, CA). Eluted peptides were detected, isolated, and fragmented to produce a tandem mass spectrum of specific fragment ions for each peptide. Peptide sequences were determined by matching protein or translated nucleotide databases with the acquired fragmentation pattern by the software program, Sequest (ThermoFinnigan, San Jose, CA) (S14). For analysis of the alternatively spliced peptides, a custom made database was generated by listing alternative sequences flanked by 15 additional amino acids of the constant regions at the N-and C-terminus, respectively (Fig. S4 ).
Hemocyte Sample Preparation and Phagocytosis Assay
In order to achieve inducible expression of Dscam specific dsRNA sequences in hemocytes, we engineered UAS-based transgenes. Multiple independent transgenic fly strains containing UAS-dsDscam constructs were generated. To achieve cell specific expression, we used hemolectin-GAL4 (Hml-GAL4) to drive expression of UASdsDscam RNA in hemocytes only. UAS-Line1 and UAS-Line2 are two independent transgenic lines. Hemocytes from each of 50 Hml-GAL4,UAS-GFP or Hml-GAL4,UAS-GFP;dsLacZ or Hml-GAL4,UAS-GFP;dsDscam larvae were dissected by gently tearing the abdominal cuticle and emptying the larval fluid into100 µl of Schneider's culture medium on a glass cover slip. Samples were transferred into single 0.2 ml tubes, mixed and immediately divided into two 50 µl duplicate samples. All subsequent steps were carried out at 4 o C to inhibit phagocytosis (Fig. S5 ). Hemocytes were pelleted by centrifugation (800g for 3 min.) and the supernatant was discarded. The phagocytosis assay using hemocytes colleted from hypomorphs (Dscam 20 /Dscam 39 ) and its control (Hml-GAL4, UAS-GFP) was carried out in the presence of 1nM phenylthiocarbamide (Sigma-Aldrich) to prevent melanization of the hemolymph (Fig. 3B) . Pelleted hemocytes were resuspended by adding 2x10 6 heat-killed Alexa-594 conjugated E. coli (Molecular Probes, Eugene, OR) in a total volume of 20 µl Schneider medium. Samples were then incubated at 27 o C for 10 minutes to allow phagocytosis followed by 4 o C for 10 min. or until analysis ( Fig. 3B,C; Fig. S5 ).
Fluorescence of extracellular E.coli particles was quenched by adding 5 µl trypan blue solution (20mM Sodium phosphate (dibasic), 150mM Sodium chloride, 1.5mM
Potassium Chloride, and 0.04% trypan blue (Pfaltz & Bauer, Waterbury, CT), pH 5.6) ( Fig. S5 ii-iv) and immediately transferred to a disposable cell counter for analysis.
Using an ocular reticle, cells within a 10x10 grid were counted and the Phagocytic Index (P.I.) was established as [(the number of cells containing 1 or more fluorescent E.coli particle/total number of cells)x100]. For each sample, the Phagocytic Index was analyzed from 10 individual fields. Per experiment, each of two duplicate samples was analyzed. Each experiment was repeated a minimum of 3 times for each fly genotype.
Error bars in Figure 3 B-D were established by calculating the standard deviation of P.I.
for each genotype analyzed. Two-way analysis of variance was performed on the average from 10 fields and statistical significance was established at p<0.01.
Inhibition of phagocytosis with anti-Dscam antibodies.
SL2 cells, a S2 cell line obtained from (Perrimon, N; Harvard, Medical School), were grown and maintained as described above. Cells were harvested and plated at a density of 0.5x10 6 cells/ml into a 12 well tissue culture plate and allowed to grow overnight. SL2 cells are treated for 2 hours at 28 0 C using a 1:200 concentration of neutralizing antiDscam antibody (D-ex1) or with a control using either the corresponding anti-pre immune serum (pre-D-ex1) or Schneider media. To allow for a blinded unbiased experiment, the identity of the neutralizing antibodies and controls were scrambled by an independent investigator. Cells were then harvested and replated at 2x10 5 SL2 cells/ml into each of two duplicate wells using 0.2ml PCR tubes (strips). SL2 cells were then centrifuged (5 min. at 1000RPM), the supernatant was removed and cells were resuspended in 16µl of SL2 conditioned medium and cooled to 4 0 C before adding 5µl of 0.2mg/ml fluorescently labeled bacteria (Molecular Probes, Eugene, OR), resuspending.
SL2 cells were incubated with bacteria for 20 min. at 4 0 C to allow binding to occur.
Phagocytosis was then allowed to proceed for 15 min. at 27 0 C after which samples were cooled to 4 0 C until analysis. A Trypan blue solution (1:5) (see above) was used to quench all fluorescence that has not been phagocytosed by the cells (Fig. 3D) . The P. I. was calculated and statistical significance was established for 3 independent experiments as described above (Fig. 3B-D) .
Flow Cytometry Analysis
To determine binding affinity of Dscam to E. coli, we used expression vectors for the extracellular regions of Dscam1.30.30-Fc (EC16), Dscam7.27.25-Fc (EC16), and Dscam7.27.13 (EC10) which were kindly provided by W. Wojtowicz, J. Clemens and L.
Zipursky (University of California Los Angeles, Los Angeles, CA) ( Fig. 3E,F; Fig. S6 ).
We tested four different concentrations (0, 3.75, 6.25, and 12.5 µg/ml of Dscam (Fig.   S6 ). Proteins were expressed and purified as described previously (S15). (Fig. 3F ).
Negative controls consisted of the binding curve obtained from bacteria samples incubated with the secondary reagent alone and are shown in grey (Fig. 3 E, F; Fig. S6 ).
As a positive control a polyclonal anti-E.coli antibody (#K65811R; Biodesign Intl., Saco, ME) was used (Fig. S6C ).
Phylogenetic analysis
We performed BLAST searches on publicly available databases (S17, S18) to determine the presence and conservation of Dscam exons 3,5,7, 8 and 10. These exons code for constant Ig-domains flanking variable Ig-domains (S19). We then used computerassisted and manual sequence analyses of contigs containing highly conserved Igdomains by searching for exon clusters coding for potential variable Ig-domain segments characteristic for variable D. melanogaster Dscam exons 4, 6 and 9.
We used the presence of splicing sites and conserved positions of the adjacent introns (i.e. intron phases) as additional criteria for the identification of variable exons.
Based on the available genomic sequence of the Tribolium castaneum genome, we designed primer pairs that allowed us to amplify by RT-PCR cDNAs potentially corresponding to exon 4 through exon 18 sequences. These sequences encompass all of the extracellular receptor domains except the most N-terminal Ig-domain.
cDNAs from total RNA were synthesized using random hexamers (Invitrogen) and
Omniscript reverse transcriptase (Qiagen) at 37 o C for 1 hr. Templates consisted of 50 ng/µl of total RNA from 0-72 hr embryos provided by (S20) or 200 ng/µl extracted from isolated from Tribolium Castaneum (S21) larval fat bodies. Seven primers (3 for exon4, 1 for exon10, 1 for exon11 and 2 for exon17) corresponding to beetle sequences were designed by comparing the Dscam sequence of BeetleBase with that of Flybase for Drosophila ( Fig. 4; Fig. S7 ). RT products were amplified to specific fragments using the primer sets (described below) and Taq polymerase (Platinum Taq Hifi; Invitrogen). The lengths (~1.8 kb for exon 4-10 and ~2.5 kb for exon 11-17) of the synthesized fragments were identical to that predicted from the sequence of Drosophila Dscam. The products were then cloned into pCR4-TOPO vector (TOPO TA cloning kit, Invitrogen). Clones were isolated and sequenced using M13 forward and M13 reverse primers. With only a few exceptions (exon 9.22, 9.27, 9.28 and most notably 9.30), exons are expressed at comparable levels in both hemocytes and fat body. Exons more abundantly expressed in brain tissue are plotted above the x-axis while exons showing a reduction in expression levels are plotted beneath the x-axis. Isoforms that show no expression in either hemocytes or fat body are excluded (see Fig. 1D ). Shown are values averaged from each of 4 independent experiments. (A) Hemocytes dissected from 3 rd instar larvae were purified by FACS: Light scatter was used to exclude cellular debris and dead cells (gate R1; i). GFP-expression was confirmed using the indicated fluorescence filter settings (gate R2; ii). Potential cell aggregates were excluded as well (gate R3; iii). (B) To examine the purity of the isolated hemocyte population, an aliquot of sorted hemocytes was re-analyzed using the same gating parameters as in (A). Similarly, unique peptide sequences of the 33 possible Ig-7 domains (exon 9, C) allowed the identification of secreted Dscam isoforms containing at least three alternative exon 9 sequences. Only the identified exons are shown.
Fig. S5. Dscam is required in hemocytes for efficient phagocytosis
Representative images using transmitted light (i-iv) or fluorescence (i'-iv') microscopy depicting hemocytes used for phagocytosis assays. Phagocytosis was assessed by challenging hemocytes with Alexa-594 conjugated heat-killed E. coli (Molecular Probes). Incubation at 4ºC (ii) blocked phagocytosis while incubation at 27 o C for 10 min stimulates phagocytosis of bacteria (i, iii, iv). Signals from E. coli particles that remained extracellular (i'; arrows) were quenched by adding trypan blue solution (ii'-iv'). Signals from E. coli particles that were internalized maintain fluorescence (iii' & iv'; arrowheads). Scale bar = 5 µm. 
Fig. S7. Conservation of "high diversity" Dscam receptors in insects
Dscam extracellular domains of Drosophila pseudoobscura, Anopheles gambiae, Apis mellifera, Bombyx mori and Tribolium castaneum were aligned using ClustalW (S22). Conservation is given in % amino acid identity to the corresponding domains in Drosophila melanogaster. For Ig-domains 2 and 3, values are given for the C-terminal halves (encoded by constant exons) only. Table S2 : Alternatively spliced exons identified by LC-MS/MS Alternatively spliced exons listed in column 1 have been identified by LC-MS/MS. The peptide sequences are given in the middle column. Frequently, peptides were identified in more than one experiment as indicated in the far right column. Alternatively spliced exons 6.01, 6.23 and 6.47 were unambiguously identified. However, some peptides encoded by exon 6 sequences are short and did not allow an unambiguous identification. In this case, we listed all possible exon 6 sequences that match the MW of the identified peptide.
